Sustainability of Masonry and Reinforced Concrete Frame Structures. Case Studies  by Puskás, Attila & Moga, Ligia
 Procedia Technology  22 ( 2016 )  304 – 311 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2016.01.102 
WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
6XVWDLQDELOLW\RI0DVRQU\DQG5HLQIRUFHG&RQFUHWH)UDPH
6WUXFWXUHV&DVH6WXGLHV
$WWLOD3XVNiVD/LJLD0RJDD
D7HFKQLFDO8QLYHUVLW\RI&OXM1DSRFD%DULWLXVWU&OXM1DSRFD5RPDQLD
$EVWUDFW
6WUXFWXUHVRIEXLOGLQJVDUHJHQHUDOO\QRWNQRZQDVVXVWDLQDEOHSDUWVRIWKHEXLOGLQJVWKHLULPSDFWEHLQJRIWHQQHJOHFWHGHYHQLI
LPSRUWDQWHFRQRPLHVFRXOGEHPDGHLQWKHXVHRIWKHOLPLWHGOLPHVWRQHUHVRXUFHVDQGLQWKHQHJDWLYHLPSDFWRIWKHODUJHTXDQWLW\
RIHQHUJ\RQWKHHQYLURQPHQW:KHQHVWDEOLVKLQJWKHDSSURSULDWHVWUXFWXUDOVROXWLRQIRUWKHJLYHQWKHPHWKHPDLQRSWLPL]DWLRQ
FULWHULDDUH WKH UHDOL]DWLRQFRVWDQG WKHFRQVWUXFWLRQ WLPHEXWDOVR WKHDHVWKHWLFVRI WKH VWUXFWXUHDVZHOODVRWKHUDUFKLWHFWXUDO
LPSDFWVPLJKWFRXQW7KHSDSHUDLPVHVWDEOLVKLQJUHODWLRQVKLSEHWZHHQWKHVWXGLHGVWUXFWXUDOVROXWLRQVDQGWKHLUHQYLURQPHQWDO
LPSDFWUHLQIRUFHGFRQFUHWHIUDPHVWUXFWXUHVZLWKPDVRQU\LQILOOZDOOVDQGORDGEHDULQJPDVRQU\ZDOOVZLWKUHLQIRUFHGFRQFUHWH
WLHEHDPVDQGSLOODUV7KHSDSHUSUHVHQWVDFRPSDUDWLYHVWXG\RQEXLOGLQJVRIWKUHHWRVHYHQVWRULHVJHQHUDOO\XVHGIRUUHVLGHQWLDO
DSSOLFDWLRQV)RUWKHVDPHEXLOGLQJZLWKYDULDEOHQXPEHURIVWRULHVWZRGLIIHUHQWVWUXFWXUDOVROXWLRQVDUHXVHGREWDLQLQJDWRWDORI
 VWUXFWXUHV WREH GHVLJQHG DFFRUGLQJ WR WKH YDOLG5RPDQLDQ QRUPV )RU WKH VWUXFWXUHV WKH HQYLURQPHQWDO LPSDFW LV DVVHVVHG
FRQVLGHULQJ WKHQHFHVVDU\PDWHULDOV IRU WKHUHDOL]DWLRQRI WKHVWXGLHGVWUXFWXUHV LQFOXGLQJLQWHUQDODQGH[WHUQDOZDOOV$OVRFRVW
DQDO\VHVDUHSHUIRUPHGIRUWKHREWDLQHGUHVXOWVLQRUGHUWRREWDLQWKHFRUUHVSRQGHQFHEHWZHHQWKHHQYLURQPHQWDOLPSDFWDQGWKH
FRVWRIHDFKVROXWLRQ5HVXOWVDUHHPSKDVL]LQJWKHHQYLURQPHQWDOLPSDFWDQGFRVWHYROXWLRQRIEXLOGLQJVZLWKLQFUHDVHRIVWRULHV
IRU WKH WZR VWUXFWXUDO VROXWLRQV ,W FDQ EH IROORZHG DV WKH HQYLURQPHQWDO LPSDFW YDULHV DOVR ZLWK WKH QXPEHU RI VWRULHV
'LIIHUHQFHVDSSHDULQDOOWKHPDLQ/&$LQGLFDWRUVFRQVLGHUHGLQWKHFRPSDULVRQHQHUJ\VROLGHPLVVLRQVLQDLUDQGZDWHUQDWXUDO
UHVRXUFHV FRQVXPSWLRQ DQG ZDVWH JHQHUDWLRQ &RPSDULQJ WKH UHVXOWV WKH PRUH VXVWDLQDEOH VWUXFWXUDO VROXWLRQ ZLWK OHVV
HQYLURQPHQWDOLPSDFWFDQEHFRQFOXGHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVVWUXFWXUDOVXVWDLQDELOLW\PDVRQU\ZDOOVUHLQIRUFHGFRQFUHWHIUDPHHQYLURQPHQWDOLPSDFW/&$FRVWDQDO\VLV


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVDWWLODSXVNDV#GVWXWFOXMUR
© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
305 Attila Puskás and Ligia Moga /  Procedia Technology  22 ( 2016 )  304 – 311 
,QWURGXFWLRQ
,QSUDFWLFHRIFXUUHQWVRFLDODQGSXEOLFEXLOGLQJVUHLQIRUFHGFRQFUHWHIUDPHVWUXFWXUHVZLWKPDVRQU\ LQILOOZDOOV
DUH IUHTXHQWO\ XVHG GXH WR WKH WHFKQRORJLFDO DGYDQWDJHV DQG FDOFXODWLRQ VLPSOLFLW\ WKH VROXWLRQ SUHVHQWV )URP
VWUXFWXUDOSRLQWRIYLHZORDGEHDULQJPDVRQU\ZDOOVZLWKUHLQIRUFHGFRQFUHWHWLHEHDPVDQGSLOODUVPLJKWHPSKDVL]H
DGYDQWDJHV ZKHQ GLVSODFHG LQ VHLVPLF UHJLRQ EXW IURP SRLQW RI YLHZ RI PDWHULDO XVH WKHUH DUH QR VLJQLILFDQW
GLIIHUHQFHV 'LIIHUHQFHV DSSHDU PDLQO\ LQ WKH ZD\ WKH GLIIHUHQW PDWHULDOV DUH FRQVLGHUHG WR ZRUN WRJHWKHU 7KH
VWUXFWXUDOVROXWLRQPLJKWEHLQIOXHQFHGE\VHYHUDOWHFKQLFDOFRQGLWLRQVDVVHLVPLFFRQGLWLRQVOD\RXWDQGJHRPHWU\
WHFKQRORJLFDO FRQGLWLRQV HWF EXW LQ WKH GHFLVLRQPDNLQJ DOVR SHUVRQDO SUHIHUHQFHV RI WKH VWUXFWXUDO GHVLJQHUV DUH
KDYLQJ LPSRUWDQW UROH 7HFKQLFDOO\ WKH GHVLJQ SURFHVV RI WKH VWUXFWXUHV LV UXOHG E\ WKH H[LVWLQJ VWUXFWXUDO FRGHV
QRUPV DQG VWDQGDUGV EXW DOVR WKH HVVHQWLDO UHTXLUHPHQWV VWDWHG LQ WKH &RXQFLO 'LUHFWLYH ((&
>@LPSOHPHQWHG LQWR WKH VSHFLILF ODZV  KDYH WR EH SHUPDQHQWO\ FRQVLGHUHG 7KH HVVHQWLDO UHTXLUHPHQWV DUH
LQFOXGLQJWKH³K\JLHQHKHDOWKDQGHQYLURQPHQW´DVZHOODVWKH³HQHUJ\HFRQRP\´EXWIRUVWUXFWXUDOHQJLQHHUVWKHUH
DUH QR SUDFWLFDO WRROV IRU FRPSO\LQJZLWK WKHPHQWLRQHG RQHV 7KH GLOHPPD LV HYHQ JUHDWHU LI WKHUH H[LVWV D UHDO
FRPPLWPHQW RI WKH GHVLJQHU IRU UHGXFLQJ WKH HQYLURQPHQWDO LPSDFW RI WKH UHVXOWLQJ VWUXFWXUH (YHQ LIZRUOGZLGH
FRQFHUQ DQG UHVSRQVLELOLW\ RI WKH VSHFLDOLVWV LV LQFUHDVLQJ WRZDUGV REWDLQLQJ VXVWDLQDEOH VWUXFWXUHV ZLWK UHGXFHG
HQYLURQPHQWDOLPSDFWWKHJHQHUDOO\DSSOLFDEOHPHWKRGVDUHVWLOOPLVVLQJGHVSLWHWKHH[LVWHQFHRIWKHWKHRUHWLFDOWRROV
IRU LGHQWLI\LQJ DQG FRQWUROOLQJ WKH HQYLURQPHQWDO LPSDFW DQG IRU LPSURYLQJ WKH HQYLURQPHQWDO SHUIRUPDQFH
UHSUHVHQWHG E\ WKH ,62  VWDQGDUG IDPLO\ >@ 7KH PRVW HIILFLHQW PHWKRGRORJ\ IRU REWDLQLQJ D VXVWDLQDEOH
VWUXFWXUDOV\VWHPLVE\DVVHVVLQJLWV LPSDFWXVLQJ/LIH&\FOH$QDO\VLV/&$HPSKDVL]HGLQVWXGLHVSHUIRUPHGE\
'DQDW]NR>@*RQ]DOHV>@DQGRWKHUV,QWKHPHWKRGEDVHGRQWKH/&$WKHLPSDFWRIWKHVWUXFWXUHVDUHFRQVLGHUHG
IRUWKHHQWLUHOLIHF\FOHRIWKHHYDOXDWHGVWUXFWXUHIRUWKHZKROHFUDGOHWRJUDYHSURFHVVZKLFKLVSUHIHUDEO\WXUQHG
LQWRDFUDGOHWRFUDGOHFLUFOH)LJDVUHJXODWHGE\(XURSHDQIUDPHZRUNVWDQGDUGV(1>@DQG(1
>@
)LJ'HVLUHGOLIHF\FOHRIWKHFRQVWUXFWLRQPDWHULDOV>@

$QRWKHUVKRUWFRPLQJ LQ WKHVXVWDLQDELOLW\DVVHVVPHQWRIVWUXFWXUHV LV UHSUHVHQWHGE\ ODFNRIDEVROXWHYDOXHV IRU
UHDGLQJ WKH UHVXOWV VLQFH UHVXOWVDUHHYDOXDWHGRQO\E\FRPSDULVRQZKLFKSUHVXPHVSRVVLELOLW\RIFKRRVLQJRI WKH
EHVWRSWLRQIURPDVHWRIDVVHVVHGVROXWLRQV>@7KHHQYLURQPHQWDOLPSDFWRIDVWUXFWXUDOVROXWLRQLVGHWHUPLQHGE\
WKH W\SH TXDQWLW\ DQG TXDOLW\ RI XVHGPDWHULDOV WKH UHDOL]DWLRQ SURFHVVHV VHUYLFH SHULRGPDLQWHQDQFH QHHGV DQG
HQGRIOLIH SURFHVVHV >@ >@>@ ([LVWLQJ VWXGLHV 'DQDW]NR >@ 3XVNDV >@ >@1DLN >@ 6WUXEOH >@ DQG
RWKHUV DUH HPSKDVL]LQJ WKH HIIHFW RQ WKH HQYLURQPHQWDO LPSDFW RI WKH XVHG VWUXFWXUDO V\VWHP EXW DOVR WKH KLJK
LQIOXHQFHRIWKHXVHGPDWHULDOV>@RQWKHRYHUDOOVXVWDLQDELOLW\RIWKHVSHFLILFVWUXFWXUH
306   Attila Puskás and Ligia Moga /  Procedia Technology  22 ( 2016 )  304 – 311 
'HVLJQVSHFLILFDWLRQVDQGWKHVWXGLHGVWUXFWXUH
,Q RUGHU WR UHDOL]H D FRPSDULVRQ RI WKH VWUXFWXUDO V\VWHPV DQG WR HVWDEOLVK WKH LQIOXHQFH RI WKH VWRULHV RQ WKH
HFRQRPLFDQGHQYLURQPHQWDOLPSDFWDW\SLFDODUFKLWHFWXUDOOD\RXWRIWKHOHYHOVLVFRQVLGHUHG)LJ)RUWKHJLYHQ
OD\RXW±LQRUGHUWRFDWFKWKHLQIOXHQFHRIWKHIORRUQXPEHULQFUHDVH±WKHQXPEHURIOHYHOVKDVEHHQFRQVLGHUHGWREH
WKUHHWRVHYHQ)LJ
,W LVDOZD\VDGLOHPPDIRUWKHVWUXFWXUDOGHVLJQHUWRFKRRVHEHWZHHQDUHLQIRUFHGFRQFUHWHIUDPHVWUXFWXUHZLWK
PDVRQU\ LQILOO ZDOOV DQG D ORDG EHDULQJ PDVRQU\ ZDOO VWUXFWXUH ZLWK UHLQIRUFHG FRQFUHWH WLHEHDPV DQG SLOODUV
'LIIHUHQFHV DSSHDU LQ UHDOL]DWLRQ FRVW QHFHVVDU\ WHFKQRORJ\ FRQVWUXFWLRQ WLPH DQG DUFKLWHFWXUDO FRQGLWLRQV
5HGXFHGHQYLURQPHQWDOLPSDFWRIWKHVWUXFWXUDOVROXWLRQVLVQRW\HWDFRPPRQFRQGLWLRQLQGHVLJQ
$GYDQWDJHVLQGHVLJQDUHRIWHQWXUQHGLQWRLQFRQYHQLHQFHV LQWKHH[HFXWLRQSKDVH'LIIHUHQFHVLQWKHVWUXFWXUDO
TXDQWLWLHVDUHPDLQO\UHVXOWVRIWKHDSSOLFDEOHGHVLJQFRGHV>@
)LJ$UFKLWHFWXUDOOD\RXWRIWKHOHYHOV>@
$FRPSOHWHVWUXFWXUDOGHVLJQSURFHVVKDVWREHSHUIRUPHGIRUERWKVWUXFWXUDOVROXWLRQVIRUWKHIXUWKHUHYDOXDWLRQ
RIWKHUHVXOWV,QRUGHUWRKDYHIDLUFRPSDULVRQDOVRLQWKHFDVHRIWKHUHLQIRUFHGFRQFUHWHIUDPHVWUXFWXUHPDVRQU\
LQWHUQDO DQG H[WHUQDO ZDOOV KDYH EHHQ XVHG HYHQ LI OLJKWZHLJKW SDUWLWLRQLQJZDOOV ZLWK UHGXFHG LPSDFWPLJKW EH
XVHG'LIIHUHQFHVDSSHDUDOVRGXHWRWKHGLIIHUHQFHVLQWKHDSSOLFDEOHQRUPVIRUWKHGLIIHUHQWVWUXFWXUDOV\VWHPV,Q
FDVHRIWKHPDVRQU\GLIIHUHQWZDOOWKLFNQHVVHVDUHXVHGIRUWKHWZRVWUXFWXUDOW\SHVGXHWRWKHLUVWUXFWXUDOUROHDOVR
)RUWKHVWXG\WKHEXLOGLQJKDVEHHQSODFHGLQDVHLVPLFDUHDFKDUDFWHUL]HGE\WKHXSSHUOLPLWRIWKHSHULRGRIWKH
FRQVWDQWVSHFWUDODFFHOHUDWLRQEUDQFKRI7F VHFDQGWKHGHVLJQJURXQGDFFHOHUDWLRQDJ J7KHGXFWLOLW\FODVV
HVWDEOLVKHGIRUWKHGHVLJQLVPHGLXPGXFWLOLW\7KHORDGVSHUPDQHQWDQGYDULDEOHDUHWDNHQZLWKWKHVDPHYDOXH
GLIIHUHQFHVEHLQJUHVXOWRQO\RIWKHGLIIHUHQFHVLQWKHRZQZHLJKWRIWKHVWUXFWXUH
7KH TXDOLW\ RI WKH XVHGPDWHULDOV LV DOVR FRQVLGHUHG XQFKDQJHG GXULQJ WKH VWXG\ HYHQ LI WKHPDWHULDO TXDOLW\
FKDQJHFDQFDXVHLPSRUWDQWGLIIHUHQFHVERWKHFRQRPLFDQGHQYLURQPHQWDOSRLQWRIYLHZ>@
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)LJ7\SLFDOVWUXFWXUDOFURVVVHFWLRQ
&RVWFRPSDULVRQRIWKHVWUXFWXUDOVROXWLRQV
7RWDOSULFHRI WKH VWXGLHG VWUXFWXUHVKDYHEHHQFDOFXODWHGEDVHGRQPDUNHWSULFHV LQ WKHSODFH WKHEXLOGLQJKDV
EHHQFRQVLGHUHG4XDQWLWLHVRIPDWHULDOVDQGWKHWRWDOSULFHDUHSUHVHQWHGLQ7DEOHWR7DEOH7KHWDEOHVSUHVHQW
DOVRWKHGLIIHUHQFHVLQWKHTXDQWLWLHVDQGFRUUHVSRQGLQJSULFHVFRQVLGHULQJWKHEDVHYDOXHVWKHRQHVREWDLQHGIRUWKH
UHLQIRUFHGFRQFUHWHIUDPHVWUXFWXUHZLWKPDVRQU\LQILOOZDOOV
7DEOH0DWHULDOTXDQWLWLHVIRUVWRULHV
)UDPHTXDQWLW\ 3ULFH 0DVRQU\TXDQWLW\ 3ULFH 'LIIHUHQFH
&RQFUHWH>P@  ¼  ¼ 
)RUPZRUN>P@  ¼  ¼ 
0DVRQU\>P@  ¼  ¼ 
5HEDU>NJ@  ¼  ¼ 
7RWDO  ¼  ¼ 

308   Attila Puskás and Ligia Moga /  Procedia Technology  22 ( 2016 )  304 – 311 
7DEOH0DWHULDOTXDQWLWLHVIRUVWRULHV
)UDPHTXDQWLW\ 3ULFH 0DVRQU\TXDQWLW\ 3ULFH 'LIIHUHQFH
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 ¼  ¼ 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)RUPZRUN>P@  ¼  ¼ 
0DVRQU\>P@  ¼  ¼ 
5HEDU>NJ@  ¼  ¼ 
7RWDO  ¼  ¼ 
7DEOH0DWHULDOTXDQWLWLHVIRUVWRULHV
)UDPHTXDQWLW\ 3ULFH 0DVRQU\TXDQWLW\ 3ULFH 'LIIHUHQFH
&RQFUHWH>P@  ¼  ¼ 
)RUPZRUN>P@  ¼  ¼ 
0DVRQU\>P@  ¼  ¼ 
5HEDU>NJ@  ¼  ¼ 
7RWDO ¼ ¼ 
7DEOH0DWHULDOTXDQWLWLHVIRUVWRULHV
)UDPHTXDQWLW\ 3ULFH 0DVRQU\TXDQWLW\ 3ULFH 'LIIHUHQFH
&RQFUHWH>P@  ¼  ¼ 
)RUPZRUN>P@  ¼  ¼ 
0DVRQU\>P@  ¼  ¼ 
5HEDU>NJ@  ¼  ¼ 
7RWDO ¼ ¼ 
7DEOH0DWHULDOTXDQWLWLHVIRUVWRULHV
)UDPHTXDQWLW\ 3ULFH 0DVRQU\TXDQWLW\ 3ULFH 'LIIHUHQFH
&RQFUHWH>P@  ¼  ¼ 
)RUPZRUN>P@  ¼  ¼ 
0DVRQU\>P@  ¼  ¼ 
5HEDU>NJ@  ¼  ¼ 
7RWDO  ¼  ¼ 

,WFDQEHUHPDUNHGWKDWIRUWKHVWXGLHGQXPEHURIVWRULHVWKHUHLVQRUHPDUNDEOHFKDQJHLQWKHGLIIHUHQFHEHWZHHQ
WKH PDVRQU\ TXDQWLW\ IRU WKH WZR VWUXFWXUDO YDULDQWV VWDQGLQJ DW  EXW WKHUH LV D VWHHSHU HYROXWLRQ RI WKH
FRQFUHWH IRUPZRUN DQG UHEDU TXDQWLWLHV DQG SULFHV LI LQ FDVH RI D WKUHH VWRULHV EXLOGLQJ WKH UHLQIRUFHG FRQFUHWH
IUDPHVWUXFWXUHZLWKPDVRQU\LQILOOZDOOVLVVOLJKWO\PRUHFRVWHIIHFWLYHE\LQFUHDVLQJWKHQXPEHURIVWRULHVWKHORDG
EHDULQJPDVRQU\ZDOO VWUXFWXUHZLWK UHLQIRUFHGFRQFUHWH WLHEHDPVDQGSLOODUVEHFRPHV WKHFRVWHIIHFWLYH VROXWLRQ
)LJ


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)LJ&RVWFRPSDULVRQZLWKUHVSHFWWRVWRU\QXPEHU
(QYLURQPHQWDOLPSDFWDVVHVVPHQW
7KHHQYLURQPHQWDOLPSDFWDQDO\VHVIRUWKHVWXGLHGVWUXFWXUDOYDULDQWVKDYHEHHQSHUIRUPHGXVLQJ$WKHQD,PSDFW
(VWLPDWRUIRU%XLOGLQJV>@8VLQJWKLVWRROWKHLPSDFWLVDVVHVVHGEDVHGRQWKHHPEHGGHGPDWHULDOTXDQWLW\7KH
VHUYLFHDQGPDLQWHQDQFHFRQGLWLRQVKDYHEHHQFRQVLGHUHGXQFKDQJHG IRUDOO WKHYDULDQWV WKHH[SHFWHG OLIHWLPHDV
ZHOO
7KHPDWHULDOTXDQWLWLHVKDYHEHHQWDNHQIURP7DEOHWR7DEOH7KHUHVXOWLQJWRWDOHQHUJ\FRQVXPSWLRQIRUWKH
VWXGLHGVWUXFWXUHVLVSUHVHQWHGLQ7DEOH7KHFRPSDUDWLYHHYROXWLRQRIWKHWRWDOHQHUJ\FRQVXPSWLRQLVSUHVHQWHGLQ
)LJZLWKKLJKHUHQHUJ\GHPDQGIRUWKHORDGEHDULQJPDVRQU\VWUXFWXUH
7DEOH7RWDOHQHUJ\FRQVXPSWLRQIRUWKHVWXGLHGVWUXFWXUHV
7RWDO(QHUJ\     
5&IUDPH>0-@ ( ( ( ( (
0DVRQU\>0-@ ( ( ( ( (


)LJ&RPSDUDWLYHHYROXWLRQRIWKHWRWDOHQHUJ\FRQVXPSWLRQ
7KHHYROXWLRQRIWKHHPLVVLRQVWRDLUVHOHFWLYHIRUERWKVWUXFWXUDOVROXWLRQVIRUVWRULHVWRDUHSUHVHQWHGLQ
)LJ  %HVLGHV WKH REYLRXV OLQHDU LQFUHDVH RI WKH TXDQWLWLHV ZLWK UHVSHFW WR WKH VWRU\ OHYHO WKH ODUJHU HPLVVLRQ
TXDQWLW\UHVXOWHGIURPWKHORDGEHDULQJPDVRQU\ZDOOVWUXFWXUHFDQEHUHPDUNHG
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)LJ&RPSDUDWLYHHYROXWLRQRIWKHHPLVVLRQVWRDLU
7KHVROLGZDVWHHPLVVLRQUHVXOWHGIURPWKHVWXGLHGVWUXFWXUDOVROXWLRQVGXULQJWKHLUOLIHWLPHLVVKRZQLQ)LJ,Q
VLPLODUZD\ WKH ODUJHUTXDQWLWLHVDUHFKDUDFWHULVWLF WR WKH ORDGEHDULQJPDVRQU\ZDOO VWUXFWXUHZLWK ODUJHURYHUDOO
PDWHULDOTXDQWLWLHV
)LJ&RPSDUDWLYHHYROXWLRQRIWKHODQGHPLVVLRQV>NJ@
&RQFOXVLRQV
7KHFRVWFRPSDULVRQHPSKDVL]HVDQHDUO\OLQHDULQFUHDVHRIWKHSULFHVZLWKWKHVWRULHVIRUERWKVWUXFWXUDOYDULDQWV
)RUWKUHHVWRULHVWKHUHLQIRUFHGFRQFUHWHIUDPHVWUXFWXUHZLWKPDVRQU\LQILOOZDOOVVHHPVWREHWKHPRUHFRVWHIILFLHQW
VROXWLRQEXW LQFUHDVLQJ WKH OHYHOQXPEHU WKHFRVWRI WKLVVROXWLRQ LQFUHDVHVPRUHVWHHSHU WKDQ WKHFRVWRI WKH ORDG
EHDULQJPDVRQU\ZDOOVZLWKUHLQIRUFHGFRQFUHWHWLHEHDPVDQGSLOODUV$VFRQVHTXHQFHIURPHFRQRPLFSRLQWRIYLHZ
WKHORDGEHDULQJPDVRQU\VWUXFWXUHFRQILUPVLWVHIILFLHQF\IRUWKHIRXUWRVHYHQOHYHOEXLOGLQJVZKHUHLWLVXVHGLQ
WUDGLWLRQDOO\
)URPHQYLURQPHQWDOLPSDFWSRLQWRIYLHZWKHFRVWHIIHFWLYHORDGEHDULQJPDVRQU\VWUXFWXUHVHHPVWREHWKHPRUH
KDUPIXO VROXWLRQV UHJDUGOHVV RI WKH DQDO\]HG FULWHULD HQHUJ\ FRQVXPSWLRQ FDUERQ GLR[LGH FDUERQ PRQR[LGH
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YRODWLOH RUJDQLF FRPSRXQGV FRQFUHWH VROLG ZDVWH EODVW IXUQDFH GXVW RU VROLG ZDVWH WR ODQGILOO 7KH UHVXOWV DUH
H[SODLQHGRQO\E\ WKHRYHUDOO ODUJHU TXDQWLWLHV HPEHGGHG LQ WKH FDVHRI WKH ORDGEHDULQJPDVRQU\ZDOO VWUXFWXUH
HVSHFLDOO\RIWKHPDVRQU\LWVHOI$VFRQVHTXHQFHWKHVWXG\OHGWRWKHW\SLFDOGLOHPPDRIVXVWDLQDELOLW\ZKLFKRIWKH
SLOODU RI WKH VXVWDLQDELOLW\ WR EH FRQVLGHUHG LQ FDVH RI D VLPLODU EXLOGLQJ2I FRXUVH RWKHU FULWHULDPLJKW EH DOVR
FRQVLGHUHG ZKHQ HVWDEOLVKLQJ WKH VXVWDLQDEOH VWUXFWXUDO VROXWLRQ DOWKRXJK WKH REYLRXV FKRLFH GRHV QRW VHHP WR
EHFRPHVLPSOH
,WKDVWREHPHQWLRQHGWKDWWKHUHVXOWVRIWKHVWXG\DUHFKDUDFWHULVWLFIRUWKHVSHFLILFORFDWLRQRIWKHEXLOGLQJ7KH
REWDLQHG YDOXHV PLJKW YDU\ IRU RWKHU ORFDO FRQGLWLRQV (YHQ LI WKH SUHVHQWHG VWXG\ HPSKDVL]HV WKH GLIIHUHQFHV
EHWZHHQ GLIIHUHQW VWUXFWXUDO VROXWLRQV UHVXOWV FDQ EH SHUFHLYHG WKURXJK WKH FRPSDULVRQ RI GLIIHUHQW VWUXFWXUDO
VROXWLRQV
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